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%1 Co-8.8A1-9.8W-xTa &4k % RSy

Table 1 Chemical composition of Co-8.8A1-9.8W-xTa superalloys

Mass fraction/%

Alloy nominal Shortened
composition form Al W Ta Fe Mo C Co
Co-8.8A1-9.8W 0Ta 4.873 26.021 — 0.801 0.274 0.048 Bal.
Co-8.8A1-9.8W-0.5Ta 0.5Ta 4.425 25.921 1.531 0.747 0.301 0.076 Bal.
Co-8.8A1-9.8W-1Ta 1Ta 4.123 25.589 2.852 0.904 0.345 0.054 Bal.
Co-8.8A1-9.8W-1.5Ta 1.5Ta 4327 25.367 3.686 0.685 0.763 0.069 Bal.
Co-8.8A1-9.8W-2Ta 2Ta 4.070 24.964 4.329 1.096 0.436 0.081 Bal.
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Fig. 1 XRD patterns of Co-8.8A1-9.8W-xTa superalloys
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Fig. 2 Precipitation curves of x phase of Co-8.8A1-9.8W-xTa

superalloys
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Table 2 Prediction of number of strengthening phase of
Co-8.8A1-9.8W-xTa superalloys

Superalloy My B, /(°) 403 Y
0

0.961868 0.783802 33.46 67.00

Co-8.8A1-9.8W
Co-8.8A1-9.8W-0.5Ta 0.969103 0.788667 33.82 66.29
Co-8.8A1-9.8W-1Ta  0.976338 0.793532 34.15 67.12
Co-8.8A1-9.8W-1.5Ta 0.983573 0.798397 34.45 67.89

Co-8.8A1-9.8W-2Ta  0.990808 0.803262 34.74 68.62
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Table 3  Calculation results of strengthening phase of

Co-8.8A1-9.8W-xTa superalloys

Superalloy S,-co SCoy(ALW) Stiting ~ PCoyaLwy %o
O0Ta 17.24 9.83 36.2 53.7
0.5Ta 4.76 6.94 11.7 59.3
1Ta 10.8 15.9 26.7 59.5
1.5Ta 103.8 206.2 310 66.5
2Ta 24.7 45.1 69.8 64.6
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Fig. 3 XRD patterns of oxide film of Co-8.8A1-9.8W-xTa
superalloys
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Fig. 4 Cross-sectional and surface

microstructures  of oxide film  of
Co-8.8A1-9.8W-xTa superalloys: (a) 0.5Ta;
(b) 1Ta; (c) 1.5Ta; (d) 2Ta; (e) 1.5Ta
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Fig. 5 Cross-sectional microstructures((a), (c)) and liner scanning results((b), (d)) of oxide film: (a), (b) 0.5Ta; (c), (d) 1.5Ta
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Effects of tantalum content on strengthening phase and high
temperature oxidation behavior of Co-Al-W superalloy

XU Yang-tao"2, SHA Qi-zhen" 2, XIA Tian-dong">

(1. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metal,
Lanzhou University of Technology, Lanzhou 730050, China;
2. School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: With the precipitation strengthening phase of ternary compound y’-Co;(Al,W), Co-Al-W superalloy is a novel
cobalt-based superalloy. In order to study the effects of alloying element tantalum on the strengthening phase and high
temperature oxidation behavior of Co-8.8A1-9.8W superalloy, the phase composition, the amount of strengthening phase
and precipitation behavior of x phase of Co-8.8A1-9.8W superalloy with different tantalum contents were investigated
with d electrons alloy design theory and XRD analysis. Then the composition, microstructure and element distribution of
the high temperature oxide films of Co-8.8A1-9.8W superalloy with different tantalum contents were studied by SEM and
EDAX methods. And the activation energy of Co-8.8A1-9.8W superalloy with different tantalum content was calculated.
The results show that with tantalum content increasing, the number of 9’ strengthening phase of the Co-Al-W superalloy
increases and the u phase separation is inhibited. The oxide film of Co-8.8A1-9.8W-xTa (x=0, 0.5, 1, 1.5, 2) superalloy
mainly consists of three layers, the outermost layer mainly is cobalt oxide, the intermediate layer is tungsten, aluminum
and tantalum complex oxides, and the inner layer is made up of aluminum oxide. Tantalum element improves the density
and stability of oxide film of aluminum oxide. The oxide film of 1.5Ta superalloy has the best compactness and stability,
and the 1.5Ta superalloy has the highest oxidation activation energy and the strongest antioxidant capacity.

Key words: Co-Al-W superalloy; high-temperature oxidation; activation energy; oxide film; tantalum
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